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Advanced information and communication technologies have spanned the globe, providing users with 
mobile and real-time access to information and services. Communication demand is increasing with 
higher requisition to access any desired information, at any-time, anywhere, in any-situation easily and 
immediately. Increasingly the services offered are becoming an indispensable part of daily life. A 
ubiquitous network, therefore, is necessary to satisfy the demand regardless of geographical locations. 
To come to a ubiquitous communication environment, however, heterogeneous wireless facilities have 
to be connected together and form a network spontaneously on demand. Nevertheless, in current 
wireless networks, operators construct and manage their own radio resources and networks separately, 
resulting in high system’s cost and preventing quick deployment of new wireless services, especially in 
the areas where broadband fiber-infrastructures have not been constructed such as in in-building, 
underground or remote areas. 
Radio on Fiber (RoF) technology, a means of transmitting radio signals using optical fibers 
without changing radio format, has become a candidate for the common platform for wireless access 
networks. This technology provides a simplified and cost effective radio access network and supports 
high-speed multimedia in real-time to satisfy the increasing demand when the radio spectrum is limited. 
It also helps to increase transmission capacity and extend the distance of wireless communication 
thanks to high capability and low transmission loss of optical fiber. However, it is not always easy and 
feasible to use RoF systems in practice, especially in the areas where installed optical fibers (dark 
fibers) are not available. Installing new optical fiber will delay the network rollout and increase the 
whole system cost which is very important in access networks. 
Recently, fortunately, free-space optics (FSO) communication systems can be used as an 
alternative means to transfer radio signals as an extension of RoF systems in free-space. FSO is the 
technology in which modulated optical signal is propagated over free-space without using optical fiber 
medium. FSO links provide the same capacity as optical cable in carrying radio signals while giving 
many other advantages including easy and quick deployment. The transmission of radio signals using 
FSO links combines the advantages of high transmission capacity enabled by optical device 
technologies and flexibility of wireless links.  
Transmission of radio signals over FSO system can be applied for rapid provisioning of 
heterogeneous wireless services in underserved areas left out due to the high costs of installing new 
networks. It can also be utilized for rapid provision of broadband point-to-point communication links in 
both rural and urban settings, thus extending broadband connectivity to remote areas. The other 
potential application is that the links can effectively be used for interconnectivity of distributed antenna 
systems to provide links for remotely located base stations and antennas similar to RoF applications. 
Unlike RoF and digital FSO systems, however, the performance of radio signal over FSO links is easier 
to be deteriorated by deployment environment characteristics due to its analog nature, and thus, it 
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requires more accurate design for the systems. To take the advantages of FSO communications and 
realize it as an attractive means in nowadays communications, it is necessary to investigate suitable 
system configuration and parameters, especially receiver schemes in order to optimize the system 
performance and minimize the effects of atmospheric environment. The work presented in this thesis is 
conducted with the aim to deal with this issue. 
The first work presented in the thesis is an experiment study of the transmission of RF signals 
over a turbulent conventional FSO link. By transmission of W-CDMA signal as an example of RF 
signals, the system performance quality metrics parameters are measured and analyzed under various 
atmospheric influences including turbulence, heavy rain and snow conditions. The obtained results 
show the satisfactory performance especially in the cases with the absence of severe weather conditions. 
The results strongly confirm the possibility of RF signals transmission over the FSO channel with 
acceptable performance if the link margin is enough to compensate for atmospheric effects. In the case 
that transmitted signal is W-CDMA and required availability is 99%, the link margin is defined to be 
more than 20 dB. A simple analytical modeling of the system is also conducted in consideration of 
scintillation variance in the deployment field and the system specification parameters. The similarity 
between calculated and measured results is obtained. It is derived from the result that the effects of 
atmospheric turbulence on the system performance can be described by a simple model. The modeling 
then can be applied to evaluate other important RF signal quality metrics parameters which are difficult 
to measure directly, and a satisfactory performance result is obtained compared to standard required 
value. The results obtained from this research gave some guidelines and insights to the design, 
prediction, and evaluation of a newly developed Radio over FSO system.  
The second work in this thesis is a study to evaluate the performance of a newly developed Radio 
over FSO system especially the optical path reflecting on an actual operation environment. The 
effectiveness of a tracking scheme utilizing a Fine Pointing Mirror (FPM) and the viability of the 
communication system using a specially designed optical antenna are presented. It is illustrated that the 
system can provide a stable connection for signal transmission, including digital and wireless signals. 
However, due to the use of direct connection between free-space and fiber cable at the receiver, the 
system is affected by a larger fading and experience new characteristics compared to the conventional 
systems and have not been reflected in any theory. The additional fading is observed both in optical 
received power and wireless signal performance. The work presented in this chapter is to quantify the 
fading and derive new characteristics, and from that propose a new model for system transmission loss 
and a design for system link margin to overcome the limitations. A consideration on applying the 
system effectively for different wireless services is also presented. The availability of the system for 
transmission of wireless signals over 1 km range is estimated based on the statistics of weather 
parameters and system link margin. 
In addition, the system being used in the experiment is a prototype one and has not been fully 
optimized yet. The performance is therefore expected to be improved when the system design is 
optimized. On the other hand, further performance improvement may be realized if the system is 
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combined with other atmospheric turbulence mitigation techniques. The third work in the thesis is to 
deal with this issue. A system using a reception diversity scheme is introduced, modeled and 
numerically evaluated. To compare accurately the performance of systems employing different 
numbers of receivers, a new analysis considering the impact of receiving aperture size on signal fading 
and received power is presented. It is clarified that by using this model, the system performance is 
significantly enhanced, especially under strong turbulence conditions. Based on the model, optimal 
values for system including receiver aperture size, optical pre-amplifier gain, transmitting power and 
number of receivers are also derived. This might be helpful for future design to minimize the effects of 
atmospheric turbulence and optimize the system performance. 
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